The acute hemodynamic effects of captopril were evaluated at cardiac catheterization in 16 children (age, 0.3-18 years) 
The acute hemodynamic effects of captopril were evaluated at cardiac catheterization in 16 children (age, 0.3-18 years) with cardiomyopathy. Twelve children had congestive cardiomyopathy, whereas four had restrictive cardiomyopathy. Hemodynamic measurements were obtained 30 and 60 minutes after the oral administration of captopril (0.5 mg/kg). Blood pressures were measured in the aorta, pulmonary artery, right atrium, and pulmonary capillary wedge position; cardiac outputs were having congestive cardiomyopathy when left ventricular end-diastolic volume exceeded 80 ml/m2 and left ventricular ejection fraction was less than 50%, with normal to slightly increased filling pressures. Patients were classified as having restrictive cardiomyopathy when left ventricular end-diastolic volume was normal (< 80 ml/m2) with preserved systolic function (ejection fraction, >50%), increased left ventricular end-diastolic pressure, and a left ventricular diastolic pressure tracing with a typical dip-plateau pattern.
All patients had clinical signs and symptoms of congestive heart failure and were treated with digoxin and diuretic therapy. Three patients in the congestive group and two patients in the restrictive group had mild-to-moderate mitral regurgitation. Several patients had mild tricuspid regurgitation detected by Doppler echocardiography (six patients in the congestive group and two patients in the restrictive group), but none had clinically apparent tricuspid regurgitation. The etiology of the cardiomyopathy in patients with congestive cardiomyopathy included idiopathic cardiomyopathy (n=8), familial disease (n=1), acute myocarditis (n=1), adriamycin cardiotoxicity (n=1), and right ventricular dysfunction after the Mustard operation for transposition of the great arteries (n=1). The group with restrictive cardiomyopathy included three patients with idiopathic disease and one patient who had received chest radiation therapy. This patient developed restrictive myocardial disease after having constrictive pericarditis and a pericardiectomy.
Study Protocol
The patients were studied in the catheterization laboratory after informed consent was obtained for the diagnostic study and vasodilator trial. A complete right and left heart catheterization was performed in all patients. Hemodynamic data were obtained in duplicate and before angiography, at baseline, and at 30 and 60 minutes after the administration of captopril (0.5 mg/kg p.o. or n.g.). At each time period, cardiac output was measured by the thermodilution technique in triplicate with a commercially available cardiac output computer (Arrow 7350, Reading, Pa.). Pressures were measured in the aorta, right atrium, pulmonary artery, and pulmonary capillary wedge positions with fluidfilled catheters and transducers (Sorenson, North Chicago) zeroed at the level of the midthorax. Oxygen saturations were measured in the aorta and pulmonary artery (OSM-3 Radiometer, Westlake, Ohio). Left ventricular volumes and ejection fraction were calculated with Simpson's rule (Digisonics Analysis System 4.7, Houston) from a biplane cineangiogram obtained after the captopril trial.
Statistical Analysis
Hemodynamic data are presented as mean+SEM. For each cardiomyopathy group, values obtained at baseline and at 30 and 60 minutes after captopril administration were compared by a repeated measures analysis of variance. Multiple comparisons were then performed, using an experimentwise a error of 0.05 (Scheffe-type test), for all possible pairwise comparisons and also for the contrast between the baseline data and the average of the 30-and 60-minute data.32 The 30-and 60-minute values were not significantly different for any hemodynamic parameter (the greatest was F=0.84 for aortic mean pressure). To represent the steady-state response to captopril, the average of the 30-and 60-minute data and the significance of the contrast comparing them to baseline are presented below. All tests were two tailed, and a probability of 0.05 or less was defined as the level of significance.
Results Baseline Hemodynamic Status
The children with congestive cardiomyopathy had a dilated left ventricle with depressed systolic function. The mean left ventricular end-diastolic volume was 241+55 ml/m2, and the left ventricular ejection fraction was 26+3%. The left ventricular filling pressures in this group were elevated (pulmonary capillary wedge, 15 ±2 mm Hg), and the cardiac index was depressed (2.3±0.2 1/min/m2). In contrast, the four children with a restrictive cardiomyopathy had normal left ventricular end-diastolic volumes (56±6 ml/ M2), with normal ejection fractions (60±3%) and elevated left ventricular filling pressures (pulmonary capillary wedge, 24±1 mm Hg). The baseline cardiac index was 2.8 ±0.5 in the restrictive group. Hemodynamic Response to Captopril Congestive group. In the children with congestive cardiomyopathy, captopril exerted a significant effect on cardiac index (T2=20.9, p=0.006), left ventricular stroke volume (T 2= 12.5, p= 0.03), and systemic vascular resistance (T2=45, p=0.001). In 11 of 12 children with congestive cardiomyopathy (Table, Figure 1 ), captopril acutely increased cardiac index and stroke volume by 22%, from baseline to postcaptopril steady-state value (mean of 30-and 60-minute data). The cardiac index increased from 2.3±0.2 to 2.8±0.2 1/min/m2 (p<0.05), and left ventricular stroke volume increased from 23+2 to 28±2 ml/beat/M2 (p<0.05). Captopril also had a significant effect on systemic vascular resistance but not on arterial pressure. In these children, systemic resistance decreased by 34%, from 32±3 to 21±2 units.m2 (p<0.01), whereas aortic mean pressure did not decrease significantly (77±4 to 70±4 mm Hg). Captopril had no significant effect on heart rate, right or left ventricular filling pressures, pulmonary artery mean pressure, or pulmonary resistance. In one child with acute myocarditis (Table, patient 12), severe arterial hypotension and tachycardia occurred within 10 minutes of captopril administration. Volume expansion and pressure agents were required to stabilize the patient; therefore, hemodynamic data were not obtained 30 and 60 minutes after captopril administration.
Restrictive group. Hemodynamic data obtained in children (n=4) with restrictive cardiomyopathy are presented in the HR, heart rate; CI, cardiac index; SV, stroke volume; Rs, systemic vascular resistance; AO, aorta; RA, right atrial pressure; PCW, pulmonary capillary wedge pressure; PRE, precaptopril baseline data; POST, average of 30-and 60-minute postcaptopril data; p, value of contrast between baseline data and average of data obtained 30 and 60 minutes after captopril administration; NS, nonsignificant atp<0.05. 
